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(54) Treating subterranean formations 

(57) A subterranean formation is treated with a high 
viscosity treating fluid comprising water, a hydrated ga- 
lactomannan gelling agent and a borate crosslinking 



composition basically comprised of a low viscosity hy- 
drocarbon liquid, an organophillic clay, a slightly water 
soluble borate, a buffer and a dispersing agent. 
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Description 

[0001] The present invention relates to a method of treating a subterranean well using a borate cross-linking com- 
position 

s (0002] High viscosity aqueous cross-linked gels are used in a variety of operations and treatments carried out in oil 
and gas wolfs. Such operations and treatments include, bul are not limited to, well completion operations, fluid loss 
control treatments, production stimulation treatments, formation permeability conformance operations and treatments 
to roduce water production. 

[0003] An example of a production stimulation treatment utilizing a high viscosity cross-linked gelled fluid is hydraulic 
to tractunng. In hydraulic fracturing treatments, the high viscosity fluid is utilized as a fracturing fluid and also carries 
particulate propping agents, e.g. sand, into the fractures formed. That is. the fracturing fluid is pumped through the 
well bore into a formation to be stimulated at a rate and pressure such that fractures are formed and extended in the 
formation. Propping agent is suspended in the fracturing ftuid so that it is deposited in the fractures when the gel is 
broken and returned to the surface. The propping agent functions to prevent the formed fractures from closing whereby 
»5 condjclive channels are formed through which produced fluids can flow to the well bore. 

10004] Borate ion has long been used as a cross-linking agent lor forming high viscosity cross-linked gelled aqueous 
won uodling fluids. Various sources of borate have been utilized including boric acid, borax, sodium tetraborate, slightly 
wale soluble borates such as ulexite, and other proprietary compositions comprised of boric acid and dtmers and 
trrrwrs of borate ions. These solid materials which form or contain borate ion have varying solubilities in water and 
otn cause operational problems when used as cross-finking agents in the preparation of high viscosity cross-linked 
guitud rtqueous well treating fluids. For example, when the weather conditions are damp or wet, the solids tend to 
ciufix> whereby they are difficult to meter into a gelled solution. While the solid materials are soluble in water, it is 
gcocfrtlly difficult to prepare a high concentration solution of the materials. When high concentration solutions are 
piop,irod and used, large volumes are generally required. Also, in cold weather, the high concentration solutions crys- 
ljwc rrviking pumping and motoring difficult. 

(0006) Another problem involved in the preparation of a high viscosity borate ion cross-linked gelled aqueous treating 
find rw*s been the necessity of maintaining the pH of the fluid at a high level by the addition of a caustic solution thereto. 
Th*t is the pH of the fluid controls the equilibrium between boric acid and borate ion, the borate ion being the boron 
v*v- as which causes gelled aqueous fluids to cross-link When the temperature of the fluid increases, the pH of the 

x lu,*i decreases. Thus, the heretofore used borate cross-linked well treating fluids have been difficult to prepare as a 
io*u« ol temperature and/or pH changes. By elevating the pH of the gelled fluid, the borate ion concentrate in the fluid 
is h.cr>or At relatively high temperatures, the pH of the treating fluid must be very high in order to allow the treating 
ftc<J to bo cross-linked using a moderate amount of the borate ion source. However, when the water utilized tor forming 
the called fluid contains salts such as calcium and magnesium salts which are present in brines and sea watery calcium 

J* ^xj magnesium salts are precipitated as the pH of the fluid is raised to the high level required to minimize the quantity 
of bofrfio source necessary for cross-linking. The precipitation of the salts causes even greater amounts of caustic 
ioMon to be required. The use of caustic solution to raise the pH of a borate ion cross-linked well treating fluid and 
tr»c f¥?ccssity of including excess borate ion in the fluid to ensure stability increases the cost of the fluid and the well 
tf CHtmonl performed using the fluid. Thus, there is a need for improved liquid borate cross-linking compositions which 

-*o c/in tx> utilized to form stable borate cross-linked gelled aqueous well treating fluids and methods of using such fluids. 
|0006| The present invention provides a method of treating a subterranean zone penetrated by a wetl bore, which 
method comprises pumping into said zone a high viscosity treating fluid comprised of water, a hydrated gaiactomannan 
<j«Mirq rtgent and a borate cross-linking composition tor buffering said treating fluid and cross-linking said hydrated 
o^Kiomannan gelling agent said borate cross-linking composition being comprised of a low viscosity hydrocarbon 

*» hajc ,*n organophiiiic clay, a slightly water soluble borate, a buffer and a dispersing agent. 

|0007] The liquid borate cross-linking compositions are basically comprised of a tow viscosity hydrocarbon liquid, an 
L*>»Kjcniilic clay, a slightly water soluble borate, a buffer and a dispersing agent. A particularly preferred such liquid 
in 4 «\v uoss-linking composition is comprised of diesel oil. a quaternary ammonium monlmorillonile organophiiiic clay, 
lit- xu wjdium carbonate and a dispersing agent comprised of an alkyl aromatic sulfonic acid or salt thereof. 
{OOO0| The improved stable buffered and cross-linked gelled aqueous treating fluids of the invention are bastcally 
ccmpfftcd of water, a hydrated gaiactomannan gelling agent and a borate cross-linking composition of this invention 
'< » DyMcr mg the treating fluid and cross-linking the hydrated gaiactomannan gelling agent therein. The gaiactomannan 
> m- ^ ..gent is goncrally present in the aqueous treating ftuid in an amount in the range of from about 0.1% to about 
i Dy weight of water therein. The borate cross-linking composition is generally present in the treating fluid in an 
,«rT\oont in the range ol from about 0.07% to about 1 .4% by weight of water therein. 

(0009) The methods of using the improved stable borate cross-linked aqueous gelled treating fluids ol this invention 
rv<<.»ral!y comprised of the steps of preparing such a treating fluid and then pumping the treating fluid into a sub- 
t.* fHnfMn ?one or formation penetrated by a well bore The fluids are more compatible with resin coated proppants by 
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virtue of the pH control and have been found to exhibit higher consolidation strengths when resin coated proppants 
are utilized than are achieved when higher pH fluids are used. The fluids also are more compatible with enzyme breakers 
for the gelling agent which demonstrate improved performance at lower pH. 

[001 0] The compositions of the invention contain a slightly water soluble borate. The use of such borates is described 
in US-A-461 9776 to which reference should be made for further details. By slightly water soluble, we mean a solubility 
in water at 22 6 C of less than 10 kg/m 3 . 

[0011] The improved liquid borate cross-linking compositions of this invention which include a pH control additive, i. 
e. , a buffer, and a delayed borate cross-linker, are simple and inexpensive to use in that they can be mixed and pumped 
at low as well as high temperatures. Further, the borate cross-linking compositions can be used to buffer and cross- 
link aqueous well treating fluids containing hydrated galactomannan gelling agents without separately adding caustic 
or buffer. The use of an improved liquid cross-linking composition of this invention enables an aqueous galactomannan 
gelled well treating fluid to be prepared and then buffered and cross-linked by the addition of a single liquid which 
produces the proper pH and borate ion concentration in the treating fluid. As a result, the improved cross-linked gelled 
aqueous treating fluid produced is made up of fewer separate chemicals, is stable and has a predictable pumping time 
before cross-linking takes place. Further, the treating fluid can be readily prepared using batch mixing procedures or 
on-the-fly procedures. 

[0012] The improved liquid borate cross-linking compositions of this invention are basically comprised of a low vis- 
cosity hydrocarbon liquid, an organophillic clay, a slightly water soluble borate, a buffer and a dispersing agent. The 
low viscosity hydrocarbon liquid functions as a carrier for the other components of the composition and can be. for 
example, a non-volitile hydrocarbon liquid such as hexane, heptane or octane, an aromatic compound such as benzene, 
toluene or xylene, mixtures of hydrocarbon compounds such as diesel oil. kerosene, mineral oil and lubricating oil, and 
vegetable oils such as canola. grape seed oil and the like. Of these, diesel oil is preferred. The low viscosity hydrocarbon 
liquid is generally included in the cross-linking compositions in an amount in the range of from about 40% to about 
55% by weight of the compositions, preferably from about 45% to about 50% and most preferably about 47%. 
[0013] The organophillic clay in the borato cross-linking composition functions as a suspending agont in the- low 
viscosity hydrocarbon liquid. Examples of suitable organophillic clays are quaternary ammonium derivatized clays 
including, but not limited to, bentonitic clays which are treated with a quaternized amine by well known dry blending 
or wet slurry manufacturing processes. At least one of the radicals attached to the quaternary amine comprises a 
member selected from the group of tallow, coco lauryl, stearyl and benzyl and the remaining radicals may be selected 
from the foregoing group and hydrogen, methyl and ethyl Of these, dimethyl ditallow quaternary amine is preferred 
The organophillic clay is generally included in the cross-linking compositions in an amount in the range of from about 
0.5% to about 4% by weight of the compositions, preferably in an amount of from about 1 .5% to about 2%. 
[0014] The slightly water soluble borate included in the cross-linking compositions functions as a time delayed cross- 
linking agent in a galactomannan gelled aqueous well treating fluid. The slightly water soluble borates which are suitable 
include, but are not limited to, alkaline earth metal borates, alkali metalnalkaline earth borates and mixtures thereof. 
Examples of such borates are probertite (NaCaBgOg.SHaO). ulexite (NaCa&Pg.eHaO). nobleite (CaB G O l0 .4H 2 O). 
frolovite (Ca 2 B 4 O e .7H 2 0), colemanite (Ca 2 B 6 0 11 .5H 2 0) ( calcined colemanite fC^BeOn.HjjO). priceite (Ca 4 B t0 O tg . 
7H 2 0), pateronite (MgB a O, 3 .4H 2 0). hydroboracite <CaMgB 6 O n .6H 2 0). kaliborite (Kmc^O^.gHgO) and other sim- 
ilar borates. Of the various slightly water soluble borates which can be used, colemanite, calcined colemanite, and 
ulexite are preferred with ulexite being the most preferred. The slightly water soluble borate used is generally included 
in the cross-linking compositions of this invention in an amount in the range of from about 25% to about 50% by weight 
of the compositions, preferably in an amount of from about 35% to about 45%. and most preferably in an amount of 40%. 
[001 S] A variety of buffers, i.e.. pH control additives can be utilized in accordance with this invention. Examples of 
such buffers include, but are not limited to. sodium carbonate, potassium carbonate, lithium carbonate, sodium, po- 
tassium and lithium bicarbonates and magnesium oxide. Ot these, sodium carbonate is preferred. The buffer is gen- 
erally included in the compositions of this invention tn an amount in the range of from about 2% to about 20% by weight 
of the compositions, preferably in an amount of from about 8% to about 12% and most preferably in an amount of 
about 10%. 

[0016] While various dispersing agents can be used in the cioss-linking compositions, a preferred dispersing agent 
is comprised of an alkyl aromatic sulfonic acid within the scope of the formulas 
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or the alkaline earth metal salts thereof wherein is selected from linear alkyl groups having 8 to 24 carbon atoms 
and R 2 and R 3 are linear alkyl groups having from a to 24 carbon atoms, preferably from 12 to 14 carbon atoms. 
[0017] Dispersing agents of the type described above which are preferred for use in accordance with this invention 
are those selected from the group of the alkaline earth metal salts of dodecylbenzene sulfonic acid with calcium do- 

2B dccylbonzono sulfonato being the most profcrrod. Tho disporsing agont is gonorally includod in tho borato cross-linking 
compositions of this invention in an amount in the range of from about 0.2% to about 5% by weight of the compositions, 
preferably in an amount of from about 0.5% to about 1 .5% and most preferably in an amount ol about 1%. 
[0018] A borate cross-linking composition of this invention is added to a galactomannan gelled aqueous well treating 
fluid as a single liquid component, The composition controls the pH of the treating fluid at a level whereby the delayed 

30 borate therein effectively cross-links the hydrated galactomannan gelling agent in a lime period of from about 1 to 
about 10 minutes as determined by the vortex closure time. The vortex closure time is determined by adding 250 ml 
of a specified gelled fluid to a 500 ml blender jar or a Waring blender at room temperature. The speed of the blender 
is adjusted so that the base of the vortex created in the fluid within the jar is at the top of the retaining nut lor the blade 
assembly, while air entrapment is minimized. The desired quantity of cross-linking composition is then added to the 

35 jar and the time for vortex closure is measured from the time ol cross-linker addition. 

[0019] When a shorter cross-linking time is required, a second cross-linker comprised of disodium octaborate tet- 
rahydrate can be incorporated in the borate cross-linking composition in an amount in the range of from about 0.4% 
to about 2.5% by weight of the composition. The addition of the disodium octaborate tetrahydrate cross-linking agent 
reduces the cross-linking time to in the range of from about 5 seconds to about 3 minutes. 

40 [0020] The vortex closure time for a 25 lb/1 ,000 gal gel is illustrated in the following table. 



Sample No. 


Delayed Cross-Linker 
Concentration, gal/1000 gal 


Secondary Cross-Linker 
Concentration, gal/1000 gal 


Vortex Closure Time, min:sec 


1 


2 


0 


549 


2 


2 


0.1 


3:09 


3 


2 


0.2 


0.54 


4 


2 


0.4 


0:14 



50 [0021] The improved stable borate cross-linked gelled aqueous well treating fluids of this invention ate basically 
comprised of water, a hydrated galactomannan gelling agent and a borate cross-linking composition of this invention 
lor buffering the treating fluids and cross-linking the hydrated galactomannan gelling agents therein. 
[0022] The water utilized to form the improved cross-linked welt treating fluids can be fresh water, salt water, brine 
or any other aqueous liquid which docs not advorscly react with othor components ol the treating fluids. Tho wator 

55 normally contains one or more salts for inhibiting the swelling of clays in the subterranean formations or zones being 
treated or to add weight to the treating fluid. The most common clay inhibiting salt utilized is potassium chloride, but 
other salts can also be used. The pH of the water is preferably in the range of from about 6 to about 8.5 to lacilitate 
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the hydration of the galactomannan gelling agent utilized. 

[0023] The galactomannan gelling agents which can be used in accordance with the present invention are the nat- 
urally occurring gums and their derivatives such as guar, locust bean, tara, honey locust, tamarind, karaya, tragacanth, 
carrageenan and the like. These gums are generally characterized as containing a linear back bone consisting of 

s mannose units having various amounts of galactose units attached thereto. The gums can be manufactured to contain 
one or more functional groups such as cis-hydroxyl, hydroxy!, carboxyl, sulfate, sulfonate, amino or amide. Of the 
various galactomannan gelling agents which can be utilized, one or more gelling agents selected from the group of 
guar, hydroxyethylguar, hydroxypropylguar, carboxymethylguar, carboxymethylhydroxyethylguar and carboxymethyl- 
hydroxypropylguar are preferred. Of these, guar is the most preferred. When one or more of the above mentioned 

10 galactomannan gelling agents are dissolved in the water used, the gelling agents are hydrated and a viscous aqueous 
gel is formed. In accordance with this invention, the galactomannan gelfing agent or agents utilized are dissolved in 
the water in an amount in the range of from 0.1% to about 1% by weight of the water, preferably in an amount of about 
0,3%. 

[0024] A liquid borate cross-linking composition of this invention as described above is combined with the aqueous 
f5 gelled treating fluid lor buffering the treating fluid and cross-linking the hydrated galactomannan gelling agent in the 
treating tluid. Generally the bullenng and cross-linking borate composition is combined with the treating fluid in an 
amount in the range ol Irom about 0 07% to about 1.4% by weight of water in the treating fluid., preferably in an amount 
of about 0.3% 

[0025] A particularly preferred borate cross-linking composition of this invention is comprised of diesel oil present in 
20 the composition in an amounl in Ihe range of from about 40% to about 55% by weight thereol, more preferably in an 
amount of from about 45% to about 50% a quaternary ammonium montmorillonite organophillic clay present in the 
composition in an amount in the range of from about 0.5% to about 4% by weight thereof, more preferably in an amount 
of trom about 1 .5% to about 2%. ulexite present in the composition in an amount in the range of from about 25% to 
about 50% by weight thereof, more preferably in an amount of about 35% to about 45%, sodium carbonate present in 
2S the- composition in an amount tn the range ol from about 2% to about 20% by woight thcroot, more preferably in an 
amount of from about 8% to about 12%. and a dispersing agent comprising calcium dodecy (benzene sulfonate present 
in the composition in an amount in the range of from about 0.2% to about 5% by weight thereof, more preferably in an 
amount of from about 0.5% to about 1 .5%. 

[0026] The borate cross-linking compositions of this invention are stable and are easily mixed, pumped and metered 
30 at normal temperatures The borate ion concentration in the compositions is high, and the compositions have the ability , 
to buffer the resulting treating fluid to a pH between about 6.0 and 9.3 without the need for the addition of any other 
chemicals such as caustic solution. Because the pH of the treating fluid is below from about 9.3 to about 9.4. calcium 
and magnesium salts remain in solution. 

[0027] A particularly preferred stable highly viscous borate cross-linked gelled aqueous well treating fluid of this 
3$ invention is comprised of water, hydrated guar present in an amount in the range of from about 0.1% to about 1 % by 

weight of the water, more preferably in an amount of about 0.3%, and a borate cross-linking composition of this invention 

for buffering Ihe treating fluid and cross-linking Ihe hydrated guar in the treating fluid present in an amount in the range 

ol trom about 0.07% to about 1.4% by weight of the water, more preferably in an amount of about 0.15% to about 

0 35% and most preferably in an amount of 0.3%. 
•w [0028] As will be understood by those skilled in the art a variety of conventional additives can be included in the well 

treating fluids such as gel stabilizers, gel breakers, clay stabilizers, bactericides, fluid loss additives and the like which 

do not adversely react with the treating fluids or prevent their use tn a desired manner. 

[0029] The improved methods of the present invention tor treating a subterranean zone or formation penetrated by 
a well bore are basically comprised of the steps ol preparing a stable high viscosity borate cross-linked gelled aqueous 
treating fluid of this invention and then pumping the treating fluid into the subterranean zone or formation. 
[0030] White the improved if eating fluids of this invention can be utilized for performing any of the various well treat- 
ments mentioned above, the treating fluids are particularly well suited lor performing fracture stimulation treatments, 
tn such treatments, a high viscosity well treating fluid ts pumped through the well bore into the subterranean zone or 
tarnation to be fractured at a high rate and pressure whereby fractures are formed in the subterranean zone or formation 
so and propping agent, such as sand, suspended m the treating fluid is carried into the fractures and deposited therein. 
Thereafter, the treating fluid is caused to break, i.e., revert to a thin fluid which can be reverse flowed out of the Iraciures 
leaving the proppanl therein. 

[0031] In order to furthor illustrate the compositions and methods of the present invention, the following example is 
given. 

SS 

EXAMPLE 



[0032] A fracture simulation treatment was performed using a treating fluid of the present invention comprised of 
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fresh water containing 1% by weight of potassium chloride, guar gelling agent present in the treating fluid in an amount 
of 25 pounds per 1,000 gaftons of water (0.3% by weight of water), and a liquid borate cross-linking composition of 
this invention for buffering the treating fluid and cross-linking the gelling agent present in an amount of 1 .75 gallons 
per 1 .000 gallons of water (0.02% by weight of water). The borate cross-linking composition was comprised of diesel 
s oif tn an amount of 47%, quaternary ammonium montmoriltonite in an amount of 2%. ulexite in an amount of 40%, 
sodium carbonate in an amount of 10% and calcium dodecylbenzene sulfonate in an amount of 1%, all by weight of 
the borate cross-linking composition. 

[0033] The treated formation had a temperature of 160°F and was at a depth of from 7350 feet to 7450 feet. The 
stimulation treatment included perforating the producing interval, acidizing the perforations and then fracturing the 
to formation. 61 ,000 gallons of the above described treating fluid were pumped during the fracturing treatment and 3230 
sacks (100 Ibs./sack) of 20/40 Ottawa sand (propping agent) were placed in the fractures at a maximum proppant 
concentration of 8 pounds per gallon. 
[0034] The following was observed during the treatment: 

'5 1 . The treating fluid was very simple to prepare as compared to prior art borate cross-linked fluids which required 

the use of more chemicals such as caustic and buffers. 

2. The treating fluid had a higher viscosity than the prior art fluids at the same gelling agent concentration indicating 
less gelling agent could be used. 

20 

Claims 

1. A method of treating a subterranean zone penetrated by a wefl bore, which method comprises pumping into said 
zone a high viscosity treating fluid comprised of water, a hydrated galactomannan gelling agent and a borate cross- 
es linking composition lor buffering said troating fluid and cross-linking said hydratod galactomannan gelling agent, 

said borate cross-linking composition being comprised of a low viscosity hydrocarbon liquid, an organophillic clay, 
a slightly water soluble borate, a buffer and a dispersing agent, 

2. A method according to claim 1 , wherein said galactomannan gelling agent is guar, hydroxy ethylguar, hydroxypro- 
30 . pylguar, carboxymethylguar, carboxylnethylhydroxyethylguar or carboxymethylhydroxypropylguar. or any mixture 

of two or more thereof. 

3. A method according to claim 1 or 2, wherein the galactomannan gelling agent is present in the treating fluid in an 
amount of from 0.1% to 1% by weight of said water therein. 

35 

4. A method according to claim 1 : 2 or 3, wherein said borate cross-linking composition is present in said treating 
fluid in an amount of from 0.07% to 1 .4% by weight of said water therein. 

5. A method according to any of claims 1 to 4, wherein said low viscosity hydrocarbon liquid in said borate cross- 
40 linking composition is diesel oil present in an amount of about 47% by weight of said borate cross-linking compo- 
sition. 

6. A method according to any of claims 1 to 5, wherein said organophillic clay in said borate cross-linking composition 
is dimethyl ditallow quaternary amine bentomte clay present tn an amount of from 1 .5% to 2% by weight of satd 

■*s borate cross-lmktng composition. 

7. A method according to any of claims 1 to 6, wherein said slightly soluble borate m said borate cross-linking com- 
position is ulexite and is present in an amount of about 40% by weight of said borale cross-linking composition. 

so e. A method according to any of claims 1 to 7, wherein said buffer in said borate cross-linking composition is sodium 
carbonale present m an amount of aboul 10% by weight of said borate cross-linking composition. 

9. A method according to any of claims 1 to 8, whoroin said dispersing agont in said borato cross-linking composition 
is comprised of calcium dodecylbenzene sulfonate present in said borate cross-linking composilion in an amount 

55 of about 1% by weight of said borate cross -I in king composition. 

10. A composition according to any of claims 1 to 8, wherein said dispersing agent is comprised of an alkyl aromatic 
sulfonic acid of the formula 
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or an alkaline earth metal salt thereof, wherein R t is a linear alkyl group having from 8 to 24 carbon atoms and Rj 
and R 3 are linear alkyl groups having from 8 to 24 carbon atoms, said agent being present in said composition in 
an amount of from 0.2% to 5% by weight thereof. 
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© Borate Crosslin ked fracturing fluids. 

@ A fracturing fluid comprises seawater, a polysaccharide polymer, a borate cross-linking agent and an 
alkaline agent present in a quantity sufficient to maintain the pH of the fracturing fluid above 9.5. Such a 
fracturing fluid has enhanced temperature stability. 
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The present invention relates to fracturing fluids for fracturing of subterranean formations. 
In the drilling, completion and treatment of subterranean formations penetrated by wellbores, viscous treat- 
ing fluids are commonly utilized. Typically, in the art of hydraulic fracturing, a fluid Is introduced through a con- 
duit, such as tubing or casing, disposed in the wellbore into a formation sought to be fractured. The fluid is 

5 introduced at a rate and pressure sufficient to produce a fracture or fractures in the formation and extend the 
produced fracture or fractures from the wellbore into the formation. Upon the creation of the fracture or frac- 
tures, additional fracturing fluid containing solid proppant materials can be introduced into the fracture or frac- 
tures in the event the initial fluid did not contain any proppant Following this treatment, the introduced fluid 
is recovered from the formation but the proppant remains in the produced fracture or fractures to prevent the 

w complete closure thereof. The propped fracture creates a conductive channel extending from the wellbore into 
the formation. 

Fracturing fluids comprised of an aqueous liquid, a hydratable polymer and a suitable cross-linking agent 
for cross-linking the hydratable polymer to form a polymer gel. are known. Typical aqueous liquids include wa- 
ter, brine or water alcohol mixtures. Typical hydratable polymers include any of the hydratable polysaccharides 

is which are capable of gelling in the presence of a cross-linking agent to form a gel-based fluid. A known cross- 
linking agent is a borate cross-linking agent, which can be any convenient source of borate Ions such as an 
alkali metal borate, an alkaline earth metal borate, an alkali metal alkaline earth metal borate or boric acid. 

In order to produce borate cross-linked fluids that are stable at the high temperatures encountered in the 
wells, it is necessary to increase the pH of the fluid. For example, at formation temperatures of 76.7°C (170 g F) 

20 or higher, it is necessary to increase the pH of the fluid to from about 9.5 to about 12.0. Often, it is convenient 
and even necessary to use seawater as the aqueous liquid for the fracturing fluid. However, when attempting 
to raise the pH of seawater to this level, the buffering action of the seawater limits the pH to approximately 
9.2, 

Accordingly, there is a need for a fracturing fluid containing seawater and a polysaccharide polymer cross- 
25 linked with borate' which is stable at high temperatures. There is also a need for a method of producing such 
a fracturing fluid. 

We have now devised an improved fracturing fluid and method of making such a fracturing fluid, whereby 
problems in the prior art are mitigated or overcome. 

According to the present invention, there is provided a fracturing fluid comprising seawater (or saltwater), 
30 a polysaccharide polymer, a borate cross-linking agent and an alkaline agent to provide a pH of above 9,5. 

The invention also provides a method of making a fracturing fluid, which method comprises introducing a 
polysaccharide polymer Into seawater to produce a gel, adding an alkaline agent to the gel to obtain a pH of 
at least 9.5. and adding to the gel a borate cross-linking agent to cross-link with the polymer, the borate cross- 
linking agent comprising boric acid, borax, an alkaline earth metal borate, an alkali metal alkaline earth metal 
35 borate or a mixture of two or more thereof. 

By the present invention, It is possible to obtain a fracturing fluid which has enhanced temperature stability. 

In order that the invention may be more fully understood, embodiments thereof will now be described, by 
way of example. 

It is often desirable to use seawater as the aqueous liquid in a fracturing fluid comprised of an aqueous 

40 liquid, a polysaccharide polymer and a borate cross-linking agent Borate fluids are suitable for low temperature 
use in the pH range of about 7.5 to about 9.0. At formation temperatures of 76.7°C (170°F) or higher, it is nec- 
essary to increase the pH to from about 9.5 to about 12.0. 

Normal concentrations of an alkaline agent such as a 25% NaOH solution, needed to raise the pH of fresh 
water would be in the range of 0,5 to 2,0 vol/1,000 vol of base gel fluid. However, when attempting to raise the 

45 pH of seawater to form a borate cross-linked fluid that is stable at high temperatures, the pH is generally limited 
to approximately 9,2 due to the consumption of the alkaline agent by ions present in the seawater. The con- 
sumption of the alkaline agent by the seawater is believed to primarily be the result of divalent ions such as 
Mg and Ca which are present in the seawater. These ions slowly precipitate from the solution, thereby con- 
suming hydroxide ions and effect the pH. 

so The fracturing fluid of the present invention comprises an aqueous medium, a polysaccharide polymer 
which is capable of being cross-linked with boron, a borate crosslinking agent and an alkaline agent present 
in a quantity sufficient to maintain the pH of the fracturing fluid above about 9.5. 

The aqueous medium of the present invention is generally seawater. The seawater contains ions such as 
CI, Na, Mg and Ca and typically has a pH of around 8.0. 

55 in order to prepare the fracturing fluid of the present invention, a hydratable polysaccharide polymer is 

introduced into the salt water and mixed together to form a gel. Any suitable mixing apparatus may be used 
for this procedure. 

The hydratable polysaccharide polymer used in the present invention may be any of the polysaccharides 

2 
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familiar to those in the industry which are capable of gelling to form a gel-based fluid. Suitable polysaccharides 
are the galactomannan gums, glucomannan gums, guars, derived guars and cellulose derivatives. Specific gel- 
ling agents are guar gum, hydroxyethyl guar, hydroxypropyl guar, carboxymethylhydroxyethyt guar, carboxy- 
methyl hydroxy propyl guar and mixtures thereof. These polysaccharides typically have molecular weights in 
the range of about 200.000 to about 4,000,000. 

These polysaccharides have cis-hydroxyl groups which can complex with cross-linking agents such as ti- 
tanium, zirconium, antimony, chromium and borate. For the gel of the present invention, typical polysaccharide 
concentrations are from about 9.07kg polymer/3.79m3 fluid (20 lb polymer/1,000 US. gal fluid) to about 
36.29kg pdymer/3.79m 3 fluid (80 lb polymer/1 .000 U.S. gal fluid). 

After the polysaccharide polymer has been introduced into the seawater and mixed to form a gel, an al- 
kaline agent is added to the gel to increase the fluid pH to between about 9.5 to about 12.0 in order to produce 
a stable borate cross-linked fluid that is stable at formation temperatures of 76.7°C (170°F) or higher. A variety 
of alkaline agents may be utilized to increase the fluid pH to between about 9.5 and about 12.0. Suitable alkaline 
agents include sodium hydroxide, potassium carbonate, sodium carbonate and potassium hydroxide. 

Normal concentrations of 25% NaOH solution needed to raise the pH of fresh water are in the range of 
0.5 to 2.0 vo!.'1,QQQ vc! of base gel fluid. However, when attempting U> raise the pK of the seawater to form a 
borate cross-linked fluid that is stable at high temperatures, the pH was limited to approximately 9.2 due to 
the buffering action of the seawater. In order to overcome the buffering action of the seawater, analytical meas- 
urements of the seawater indicated a buffer capacity equivalent to about 13 vol/1,000 vol of 25% NaOH sol- 
ution, before the pH would rise about 9.2. After sufficient alkaline agent has been added to increase the pH 
above about 9.2, then the usual amount of 0.5 to 2.0 vol/1,000 vol of base gel fluid were predictable in con- 
trolling the pH at from about 9.5 to about 12.0 for high temperature stability. 

After the alkaline agent has been added to the gel to produce a base gel having a high pH, a borate cross- 
linking agent is added to the gel. The concentration of cross-linking agent for efficient cross-linking was de- 
termined using viscosity as a guideline. The concentration of the cross-linking agent, is preferably in the range 
of from about 0.045 kg (0.1 lb) cross-linking agent, calculated as B20 3) per 4.54 kg (10 lb) polymer to about 
0.91 kg (2.0 lb) cross-linking agent, calculated as B 2 0;j, per 4.54 kg (10 lb) polymer. 

This borate cross-linking agent may be any material which supplies borate ions in solution. Thus, the borate 
cross-linking agent can be any convenient source of borate ions. For example, the borate source may be a 
rapidly soluble borate source such as boric acid, borax, or Polybor, manufactured by U.S. Borax. The borate 
source may also be a slowly soluble borate, such as alkaline earth metal borates, alkali metal alkaline earth 
metal borates and mixtures thereof. Exemplary minerals which are representative of these classes of borates 
are as follows: 
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1. 


Probertite: 


NaCaB 5 0 9 5H 2 0 




2. 


Ulexite: 


NaCaBsOa-SHzO 


5 


3. 


Nobleite: 


CaB 6 O 10 4H 2 O 




4. 


Gowerite: 


CaB fl O 10 -5H 2 O 




5. 


Frolovite: 


Ca 2 B 4 0 8 -7H 2 0 


10 


6. 


Colemanite: 


Ca 2 B 6 O ir 5H 2 0 




7. 


Meyerhofferite: 


Ca 2 B e 0 11 7H 2 0 




8. 


Inyoite: 


Ca 2 B 6 O ir 13H 2 0 


15 


9. 


Priceite: 


CcuB,o0 19 -7H 2 0 




10. 


Tertschite: 


Ca4B 10 O 19 -20H 2 O 




11. 


Ginorite: 


Ca 2 B 14 023-8H 2 O 


20 


12. 


Pinnoite: 


MgB 2 0 4 -3H 2 0 




13. 


Paternoite: 


MgB 8 0 13 -4H a O 




14. 


Kurnakovite: 


Mg 2 8 6 0 1v 15H 2 0 


25 


15. 


Inderite: 


Mg 2 B 6 O ir 15H 2 0 




16. 


Preobrazhenskite: 


Mg 3 B 10 O 1B 4y2H 2 O 




17. 


Hydroboracite: 


CaMgBaO,i-6H 2 0 


30 


18. 


Inderborite: 


CaMgB e Oiv11H 2 0 




19. 


Kaliborite (Heintzite): 


KMg^nO^HjO 




20. 


Veatchite: 


SrB«O 10 -2H 2 O 



35 The sparingly soluble borate is preferably hydrated as indicated by the minerals set forth above. 

The fracturing fluids of the present invention are sensitive to the base get concentration, borate ion con- 
centration and pH. These fracturing fluids require precise control of pH in order to prepare these fluids to meet 
specif ic temperature conditions. For low temperature applications, namely with pH between about 8.5 to about 
9.2, a buffering solution of potassium carbonate can be used to control the pH. However, for higher temperature 

40 applications, the solution of potassium carbonate would be impractical and a 25% caustic solution of NaOH is 
preferably used. 

Various factors affect the cross-linking rate of the fracturing fluids of the present invention. These factors 
include the characteristics of t he polymer, the solubility rate of the borate cross-linking agent, the concentration 
of borate, the initial pH of the fluid, and the temperature of the fluid. Borate ions were found to have a buffering 
45 effect on pH as borate ions were formed when the borate source, such as boric acid, was neutralized by the 
alkaline agent 

Claims 

50 

1. A fracturing fluid comprising seawaten a polysaccharide polymer, a borate cross-linking agent; and an al- 
kaline agent to provide a pH of said fracturing fluid above 9.5. 

2. A fluid according to claim 1 , wherein the borate cross-linking agent comprises boric acid, borax or sodium 
55 tetraborate or a mixture of two or more thereof. 

3. A fluid according to claim 1 or 2, wherein the polysaccharide polymer is guar gum, hydroxyethyl guar, hy- 
droxypropyl guar, carboxymethyl hydroxyethyl guar, carboxymethylhydroxypropyl guar or a mixture of two 



4 



to 



40 



45 



SO 
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or more thereof. 

4. A fluid according to claim 1, 2 or 3 wherein the alkaline agent is a 25% sodium hydroxide solution. 

5. A fluid according to claim 4, wherein the alkaline agent is present in a concentration of at least 13 volumes 
per 1000 volumes of fluid. 

6. A method of preparing a fracturing fluid, which method comprises the steps of introducing a polysacchar- 
ide polymer into salt water to produce a gel; adding an alkaline agent to the gel in a quantity sufficient to 
obtain a pH of said gel above 9.5; and adding a borate crosslinking agent to the gel to cross-link with the 
polymer, the borate cross-linking agent comprising boric acid, borax, an alkaline earth metal borate, an 
alkali metal alkaline earth metal borate or a mixture of two or more thereof. 



7. A method according to claim 6, wherein the polysaccharide polymer is guar gum, hydroxyethyi guar, hy- 
droxy propyl guar, carboxymethyl hydroxyethyi guar, carboxymethyl hydroxy propyl guar or a mixture of two 

15 or more thereof. 

8. A method according to claim 6 or 7, wherein the alkaline agent is a 25% sodium hydroxide solution. 

9. A method according to claim 8, wherein the alkaline agent Is added in an amount to provide at least 13 
20 volumes per 1 000 volumes of fluid. 



23 
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